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Objectives: To reduce the incidence of Urinary Tract Infection (UTI) in subacute SCI individuals admitted for
tertiary inpatient rehabilitation.
Design: A quality improvement team was assembled to improve UTI prevention/diagnosis. To plan data
collection, UTI-related factors were mapped in an Ishikawa (fishbone) driver diagram. Data including patient
demographics, presence and frequency of signs and/or symptoms of UTI and antibiotic initiation from
August to December 2015 were recorded. Sensitivity, Specificity, Positive and Negative Predictive Values
(PPV, NPV), and Likelihood Ratios (LR) were calculated for each sign and symptom.
Setting: Tertiary SCI Rehabilitation
Results: Among 55 inpatients with subacute SCI who had signs/symptoms prompting urine culture and
sensitivity (C&S), 32 (58.18%) were diagnosed with a UTI. The most frequent symptoms were foul smelling
urine (41%), change in urine color (31%), and incontinence (25%), and the most common sign was fever
(34%). Most UTIs (81%) occurred among individuals using Clean Intermittent Catheterization (CIC), with 46%
of catheterizations performed by nurses. Foul smelling urine had the highest sensitivity (0.50, 95% CI: 0.31-
0.69), and new incontinence had the highest specificity (0.88, 95% CI: 0.69-0.97) for UTI diagnosis. The
highest PPV belonged to the cloudy urine (0.71, 95% CI: 0.42-0.92). The combination of cloudy and foul
smelling urine increased the PPV to 78% (95% CI: (0.40-0.97).
Conclusions: The concurrent presence of cloudy and foul smelling urine is predicted of UTI diagnosis inpatients
tertiary setting. SCI inpatients are susceptible to UTI when learning CIC technique from nurses.
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Introduction
Urinary Tract Infections (UTI) are the most common
secondary health complication following Spinal Cord
Injury (SCI), a frequent cause of service interrup-
tions during inpatient rehabilitation, and a major
cause of morbidity among individuals living with
chronic SCI.1–4 Incomplete voiding, increased intra-
vesical pressure, using intermittent and/or indwelling
catheters and an upper motor neuron bladder con-
tribute to an increased risk of symptomatic UTI.5

UTIs increase direct and indirect costs for

rehabilitation programs. The minimum additional
cost of evaluating and treating a patient with hospi-
tal-acquired symptomatic UTI at the University of
Michigan Health System (2009), as reported by Saint
et al. was 676 USD.6

UTI refers to significant bacteriuria in a patient with
symptoms or signs attributable to the urinary tract and
no alternate source; whereas, asymptomatic bacteriuria
refers to significant bacteriuria in a patient with no
symptoms or signs attributable to the urinary tract.7

Three criteria are used to diagnose UTI in individuals
with SCI: 1) significant bacteriuria; 2) pyuria (urine
containing increased white blood cells); and 3) signs
and symptoms.8 Frequent UTI in the SCI population
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are defined clinically as 3 or more infections per year,
where both symptoms of infection and a positive urine
culture are present.9 Although, UTI among the general
population are typically manifested with key symptoms
such as dysuria and frequency, typical manifestations
of symptomatic UTI are usually absent in SCI patients
with upper motor neuron neurogenic bladder dysfunc-
tion and impaired sensation. The diagnosis of UTI in
SCI patients is often delayed or missed, because symp-
toms are often subtle.10,11. Signs and symptoms of UTI
among individuals with SCI are non-specific, and gen-
erally described as having poor sensitivity and speci-
ficity.12 Mass et al. (2009) calculated the validity,
accuracy and predictive value of urinary tract infection
signs and symptoms among individuals with SCI who
were on Intermittent Catheterization (CIC). They
reported that cloudy urine had the highest accuracy
(83.1%), and leukocytes in the urine had the highest
sensitivity (82.8%) for the presence of UTI and fever
had very high specificity (99%) but very low sensitivity
(6.9%) for UTI diagnosis.12 Fever during a UTI
suggests the presence of the inflammation, which may
lead to severe sepsis13 or risk of developing an acquired
immunodeficiency syndrome.14

The most prevalent risk factors for development of
UTI in SCI patients is an indwelling catheter15 or pro-
longed time periods between catheterizations.16

Indwelling catheter users have a higher incidence of
complications and hospitalization than individuals
using CIC.17 Girard et al. reported a prevalence of
19.2% of UTI amongst individuals with SCI admitted
to rehabilitation centres in France.18 The incidence of
symptomatic UTI in men with SCI was reported to be
0.41/100 person-days with IC and 0.36/100 person-
days among men using a condom catheter.19 This com-
pares to 2.72/100 person/days for individuals with a
chronic indwelling catheter.20 Early reports claimed
that clean intermittent catheterization (CIC) greatly
reduced rates of UTI among individuals with SCI;
however, it is now clear that the majority of persons
undergoing CIC develop recurrent or continuous bacter-
iuria in the chronic phase of injury.21 A randomized
controlled clinical trial in North America reported the
routine use of a ready-to-use, hydrophilic-coated inter-
mittent catheter (SpeediCath) was associated with a
delay of the onset of the first symptomatic UTI and a
reduction in the incidence of UTI among patients with
SCI during their initial hospital or rehabilitation unit
stay.10

The purpose of this quality-improvement (QI)
project was to reduce the incidence of UTI in
individuals with subacute SCI admitted for tertiary

inpatient rehabilitation centre. The specific aims were
as follows:
• To describe the frequency of individual urinary signs

and/or symptoms among inpatients with SCI over a 5
month time period,

• To report the sensitivity, specificity, predictive value
and likelihood ratio of UTI signs and symptoms
among SCI individuals during inpatient SCI rehab,

• To develop strategies for reducing the frequency and
severity of UTI from a health system perspective.

Material and Methods
We assembled a Quality Improvement team including
physicians, nurses, administrators and a quality
improvement officer, defined goals for the quality
process, and used a Fishbone (Ishikawa) driver
diagram to map out possible causes of UTI attributable
to care processes among individuals with SCI (Fig. 1).
In this diagram, those causes labeled with an “x” are
targets for corrective action; those labeled with an “n”
were not of primary concern, and the causes labeled
with a “c” were constants that could not be altered.
Two paper forms outlining known UTI signs and symp-
toms were developed with stakeholder input, first as
“Baseline symptom form (Appendix A)”, and the
second a “Culture result and antibiotic prescription
form (Appendix B)”. Using these forms, data was gath-
ered from three 20 bed units within the centre for each
patient who complained of any UTI symptoms that
prompted ordering of Routine and Microscopy

Table 1 Inpatient demographic characteristics, bladder
management and primary signs and symptoms for those
requiring Routine and Microscopy Culture and Sensitivity and
those diagnosed with UTI

Urine Order UTI

Age, Years (Mean ±SD) 48.31 ± 18.5 46.30 ± 18.90
Gender, n (%)

Male 42 (76.40) 23 (71.90)
Female 13 (23.60) 9 (28.10)

Bladder Management, n (%)
IC 40(72.70) 26 (81.30)
Indwelling 7 (12.70) 4 (12.50)
Voiding 4(7.30) 2 (6.30)
Condom Catheter 1 (1.80) -
Voiding & IC 2 (3.60) -
Ilio-conduit 1 (1.80) -

Primary Sign and symptom,
n (%)

Change urine color 14 (22.45) 10 (31.25)
Foul smelling Urine 23 (41.82) 13 (40.63)
Sediment 8 (14.55) 5 (15.63)
Incontinence 9 (16.36) 8 (25.06)
Autonomic dysfunction 3 (5.45) -
Increased Spasticity 10 (18.18) 7 (21.88)
Hematuria 7(12.73) 4 (12.50)
Fever 12 (21.82) 11 (34.38)
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(R&M) and/or urine Culture and Sensitivity (C&S)
from 8/1/2015-12/31/2015. Data were collected and
reviewed by (SMA, CC, MO) during the collection
period.
The incidence of UTI was confirmed by a positive

urine culture where the definition of a positive culture
was modified for the mode of bladder management. In
this regard, based on the lab report, for those whom
were spontaneous voiding 105 colony forming units
per milliliter (cfu/ml); and for those on Clean intermit-
tent catheter (CIC); 102 cfu/ml, for clean-void speci-
mens from catheter-free males; for those who use
external condom collecting devices 104 cfu/ml; and,
for specimens from indwelling catheters any detectable
concentration of bacteria were considered as bacter-
iuria.22 The frequency of UTI signs and symptoms
and UTI presence were calculated. Mean and standard
deviation were used for the continuous variables.
Sensitivity, Specificity, Positive Predictive Value (PPV),
Negative Predictive Value (NPV), Likelihood Ratio
(LR) for UTI diagnosis with the corresponding 95%
confidence intervals were calculated for each sign and
symptoms, as well as a combinations of signs and symp-
toms. All data analyses were done using SPSS version 22
and R-3.2.3 package qcc.
Quality Control Analyses of the data with the Pareto

and Control Charts23 were used to visualize the main
process aims. In the third month (October 2015) of the
QI process and data gathering, a novel hand hygiene
monitoring system, developed by Researchers at
Toronto Rehabilitation Institute, was used to enhance

hand hygiene performance. The system provided real-
time prompting with discrete vibrations when hand
hygiene was required but not completed. An electronic
badge worn by each staff member communicated with
electronic sensors at the entrance of every patient
room and with all wall-mounted soap and alcohol gel
dispensers to determine whether handwashing was com-
pleted when appropriate and prompted the wearer to
wash if not completed. All three nursing units at rehabi-
litation centre participated in the hand hygiene Quality
Improvement initiative. Every staff, student, and volun-
teer assigned to the nursing units was eligible to partici-
pate including nurses, physicians, allied health,
administration, and facilities employees. 25 active in-
patient rooms and 2 soiled utility rooms were instrumen-
ted with sensors. All wall-mounted soap (N=72) and
alcohol gel dispensers (N=106) were instrumented.

Results
During the quality improvement process, among 55
inpatients that had urine sent for C&S, 32 (58.18%)
patients were diagnosed with a UTI. Mean age of the
patients was 46.30 (SD = ± 18.90) years with a range
of 16 to 84 years. Table-1 shows the characteristics of
patients with UTI as well as the primary signs and symp-
toms present prior to urine C&S. Among inpatients with
urine C&S analyzed, 46 (84%) patients had more than
one sign and/or symptom, the most prevalent
symptom was foul smelling urine. The most common
method of bladder management among patients with
UTI signs and symptoms and urine sent for C & S

Fig. 1 Urinary Tract Infection Fishbone Diagram.
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was CIC (72.70%). Among SCI inpatients diagnosed
with UTI, 46% had nurses performing all CICs.
Escherichia coli (E.coli) was the most frequent bac-

teria in urine culture as 53% of the patients had positive
cultures for E.coli alone, while in 18.7%, E.coli was
mixed with other organisms including Enterococcus,
Group B Streptococcus, and Klebsiella Pneumoniae.
Table 2 shows the Sensitivity, Specificity, PPV, and

NPV and their 95% Confidence Interval (CI) for UTI
signs and symptoms among inpatients with SCI. All
UTI signs and symptoms showed low sensitivity,
among all of the symptoms, foul smelling urine had
the highest sensitivity (0.50, 95% CI: 0.31 - 0.69), and
new onset of incontinence showed the highest specificity
(0.88, 95% CI: 0.69 - 0.97) for UTI diagnosis. The
highest PPV belonged to the cloudy urine (0.71, 95%
CI: 0.42 - 0.92). A combination of cloudy and foul smel-
ling of urine increased the PPV to 78% (95% CI: (0.40 -
0.97). These symptoms together also had the highest
specificity (0.92, 95% CI: 0.74 - 0.99). The presence of
fever as a sign, had a high specificity (0.84, 95% CI:
0.64–0.95) and when combined with foul smelling
urine, the specificity increased to 0.92 (95% CI: 0.74 -
0.99). Although none of the urine signs and symptoms
showed a high LR, both positive and negative, the
symptom of cloudy urine alone had the highest positive
LR (2.08, 95% CI: 0.74 - 5.84), while the positive LR
was 2.92 (CI: 0.66 -12.80) for the combination of
cloudy and foul smelling urine.
The Pareto chart indicates that the highest frequency

of UTI was in those on CIC for bladder management
(Fig. 2), and also those whom have nursing administered
CIC (Fig. 3). Figure 4, displays a control chart of the QI
process from August 2015 through December 2015,
illustrating the fluctuations in UTI incidence during
the recording time period. Between October 28, 2015
and December 31, 2015, badges were worn by 206
unique users. 96,164 opportunities for hand washing

were recorded during the same period and 77,597
hand washes were performed. The decrease in UTI inci-
dence among inpatients with SCI in our centre may have
been attributed to the installation of the hand hygiene
prompting system.

Discussion
The Predictive Value of Signs and Symptoms
There is a paucity of published papers that address the
sensitivity, specificity, PPV, NPV of urine signs and
symptoms among individuals with subacute SCI in ter-
tiary rehabilitation settings. The sub-acute or
Intermediate Phase of spinal cord injury begins 2
weeks after, up until 6 months post injury; this phase
is characterized by the continued maturation of the
glial scar and by regenerative axonal sprouting.24 In
this study, cloudy or foul smelling urine and the onset
of new incontinence were associated with a high likeli-
hood of UTI diagnosis among inpatients with SCI.
The recent onset of incontinence alone showed the
highest specificity for UTI diagnosis, and when present
is sufficient to strongly suspect the diagnosis of UTI.
Massa et al. (2009) reported fever as having the
highest specificity (99%) with low sensitivity (6.9%).12

While in our study, fever showed a high specificity
(84%), it did not have the highest specificity. We found
a higher sensitivity for fever in our setting (27%). The
difference in study populations may in part explain the
observed differences as the Massa study population con-
sisted of individuals with SCI on CIC, while we included
all SCI inpatients. As localized symptoms are often
lacking or absent among individuals with subacute
SCI, it is crucial to evaluate all alternative sources of
infection before attributing a fever to a UTI. A combi-
nation of fever and foul smelling urine, as well as a com-
bination of cloudy and foul-smelling urine increased
UTI specificity to 92%. The combination of the
cloudy and foul smelling urine also resulted in a

Table 2 Sensitivity, Specificity, PPV, NPV, and LR I and their 95% Confidence Interval (CI) for UTI signs and symptoms

Sensitivity Specificity PPVa NPVb

Fever 0.27 (0.12 - 0.46) 0.84 (0.64 - 0.95) 0.67 (0.35 - 0.90) 0.49 (0.33 - 0.65)
Hematuria 0.10 (0.02 - 0.27) 0.84 (0.64 - 0.95) 0.43 (0.10 - 0.82) 0.44 (0.29 - 0.59)
Cloudy Urine 0.33 (0.17 - 0.53) 0.84 (0.64 - 0.95) 0.71 (0.42 - 0.92) 0.51 (0.35 - 0.67)
Foul Smelling Urine 0.50 (0.31 - 0.69) 0.68 (0.46 - 0.85) 0.65 (0.43 - 0.84) 0.53 (0.35 - 0.71)
New onset of Incontinence 0.20 (0.08 - 0.39) 0.88 (0.69 - 0.97) 0.67 (0.30 - 0.93) 0.48 (0.33 - 0.63)
Increased Spasticity 0.17 (0.06 - 0.35) 0.80 (0.59 - 0.93) 0.50 (0.19 - 0.81) 0.44 (0.30 - 0.60)
WBCc in Urine 0.13 (0.04, 0.31) 0.84 (0.64, 0.95) 0.50 (0.16, 0.84) 0.45 (0.30, 0.60)
Fever & Foul-Smelling Urine 0.10 (0.02 - 0.27) 0.92 (0.74 - 0.99) 0.60 (0.15 - 0.95) 0.46 (0.32 - 0.61)
Cloudy & Foul-Smelling Urine 0.23 (0.10 - 0.42) 0.92 (0.74 - 0.99) 0.78 (0.40 - 0.97) 0.50 (0.35 - 0.65)

aPositive Predictive value
bNegative predictive value
cWhite Blood Cell
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higher PPV (78%, 95% CI: 0.40 - 0.97). Therefore, in
individuals with subacute SCI the presence of fever
and foul-smelling urine or cloudy and foul-smelling

urine should prompt antibiotic initiation prior to the
C&S result, due to their high PPV for UTI. Our findings
are in contrast to Deresinski and Perkash who studied

Fig. 2 Frequency of Urinary Tract Infection by bladder management method.

Fig. 3 Intermittent Catheterization in Patient with UTI.
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the value of symptom evaluation in predicting the pres-
ence of bladder bacteriuria in males with SCI who were
catheter-free but using condom drainage.25 They con-
cluded that the reported symptoms were not particularly
useful in predicting urine culture results because of their
non-specific nature and the absence of bacteriuria.
Nurse monitoring and reporting of UTI signs and symp-
toms may in part explain the observed differences in
these studies.

Strategies for Reducing UTI Incidence
i. Ensure all patients and clinicians are vigilant in
looking out for UTI signs and symptoms
Up to 58.2% of patients who reported any signs and/or
symptoms related to the urinary tract or other symptoms
related to the SCI such as autonomic dysreflexia and
increased spasticity, were diagnosed with UTI during
inpatient rehabilitation. Catheter-associated UTI is the
most common nosocomial infection, accounting for 1
million cases each year in US hospitals and nursing
homes, and about one-half of all hospital-acquired
infections originate in the urinary tract, in association
with urinary catheters or other drainage devices.26

UTI in these patients may be preventable through
good catheter management.27 UTI is an important
cause of septicemia in individuals with SCI that causes
bacteremia in 2-4% of patients and has been associated
with a case fatality rate three times higher than that
observed in non-bacteriuric patients.28 In the past
century, renal failure was the primary cause of death
in the SCI population29; interim improvements in anti-
biotics, early removal of indwelling catheters, and CIC
initiation, and screening for renal disease have markedly
decreased renal complications.30,31

ii. Nursing competence in Intermittent
Catheterizations-
We found that the time when individuals with SCI were
learning CIC and were being assisted by nurses was
associated with a higher likelihood of UTI. A high
level of knowledge and skills are required to effectively
and safely manage patients with neurogenic bladder
requiring CIC.32 It is essential that nurses have the
necessary expertise to provide optimal care and mini-
mize the problems associated with routine CIC.33

Education of nursing staff, including registered nurses
and nursing assistants was a priority recommendation
to standardize the CIC method locally. Hands-on
instruction was provided for nurses regarding hand
washing and aseptic techniques for catheter manage-
ment including catheter insertion, catheter care, catheter
immobilization, and urine collection and disposal tech-
nique. The training should be integrated into the nursing
orientation for new hires, and an annual assessment of
competence conducted. Frequent Hand Hygiene-
Hand hygiene is an essential component of UTI

reduction. Excellent evidence exists that alcohol hand
rubs effectively reduce the transmission of potential
pathogens from health care workers’ hands to
patients.34 For hands that are not visibly soiled,
alcohol hand rubs are more effective than hand
washing with plain or antimicrobial soap.35 However,
in institutional settings, the preferred method for clean-
ing visibly soiled hands is to wash with warm water and
antimicrobial soap.

iii. Hydrophilic Catheters
Hydrophilic catheters have a polymer coating that binds
to the surface of the catheter. When the polymer coating

Fig. 4 Control Chart of UTI incidence from August to November 2015, Mean= 3, SD= 5.98, CL= Control Limit, UCL= Upper Control
Limit, LCL= Lower Control Limit, UTI= Urinary Tract Infection.
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is submersed in water, it absorbs and binds the water to
the catheter. The catheter surface then becomes smooth
and slippery. The hydrophilic coating is designed to
reduce friction as the catheter is inserted into the
urethra, and maintains lubrication throughout the
length of the urethra to reduce urethral damage. It is
hypothesized that because hydrophilic catheters do not
require manual lubrication, they are less likely to cause
infection. Most hydrophilic catheters are prepackaged
in sterile water, or there is a pouch of sterile water that
is broken and released into the catheter package when
the catheter is ready for use.36 Two studies among indi-
viduals with acute SCI showed a significant reduction in
the incidence of symptomatic UTI with routine use of
hydrophilic catheters.5,37 Two problems arise with
using hydrophilic catheters; first, good hand function
is required, therefore individuals with tetraplegia and
poor to moderate hand function, are not able to inde-
pendently use this catheter. Second, the cost of hydro-
philic catheters is about twice the cost a standard
catheter in the community setting.36

Several limitations are worthy of discussion prior to
generalization the study results. First, the calculated
PPV, NPV, and LRs reported apply to the tertiary inpa-
tient setting for individuals with subacute SCI and not
to the outpatient setting where, nonspecific symptoms
and chronic bacteriuria are common and confound
UTI diagnosis. Finally, the hand washing prompting
system is a prototype in our centre, which may become
commercially available in the future but is not widely
available.

Conclusion
The enclosed findings emphasize the importance of
assessing urine appearance and odour to confirm suspi-
cion of UTI, before sending a urine for R&M/C&S.
The concurrent presence of cloudy and foul smelling
urine is important for early diagnosis of UTI among
inpatients with subacute SCI. Optimizing bladder drai-
nage strategies that reduce dependence on indwelling
catheters, training in CIC techniques and effort to
improve hand hygiene may contribute to reduce UTI
occurrence.
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